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This paper was prepared as the result of work sponsored by the California Energy Commission. It 
does not necessarily represent the views of the Energy Commission, its employees or the State of 
California. The Energy Commission, the State of California, its employees, contractors and 
subcontractors make no warrant, express or implied, and assume no legal liability for the information 
in this paper; nor does any party represent that the uses of this information will not infringe upon 
privately owned rights. This paper has not been approved or disapproved by the California Energy 
Commission nor has the California Energy Commission passed upon the accuracy or adequacy of 





















































































































































































































































































































































































































































































































































































































































































































































































































Figure 1.1. Map of Yolo County, California, Showing Land Use Types. The Sacramento River is the eastern boundary of the county. The 
Coast Range Mountains extend north-south along the western edge. 
 


















































Table 1.1. Analysis of Agricultural Management Options in Yolo County, the Benefits for Mitigation 
of GHG Emissions vs. Benefits for Adaptation to Climate Change, and Tradeoffs between These 
Goals. For more detail and specific references, see Jackson et al.  




















































































































































































































































































































































AB 32 California Assembly Bill 32, California Global Warming Solutions Act of 2006 
C carbon 
CDFA California Department of Food and Agriculture  
CH4 methane 
CO2 carbon dioxide 
eCO2 elevated CO2 
FMMP Farmland Mapping and Monitoring Program 
GCM Global Circulation Model 
GHG greenhouse gas 
GIS geographic information system 
IPCC Intergovernmental Panel on Climate Change 
N nitrogen 
N2O nitrous oxide 
NGO non-governmental organization 
NPND National Plant Diagnostic Network 
SACOG Sacramento Area Council of Governments 
SB 375 California Senate Bill 375 
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UC University of California 
USDA U.S. Department of Agriculture 





Section 2: Climate-Induced Changes in Acreage of 
















































Table 2.1. Yolo County Agriculture in 2009: Cropland and Crop Value by Commodity Category and 
by Major Crop in Each Category 
    Acreage  Share   Value  Share   
Commodity category  1,000 acres  of total acres  $million         of total value   
Fruit and nut crops       38      0.11    113                0.25   
Grapes      13      0.04      56      0.12   
   Almonds      12      0.04      25      0.05   
 Walnuts      10      0.03      19      0.04   
Field crops*    223      0.67    122      0.26   
               Rice     37      0.11      53      0.11   
Alfalfa      49      0.15      30       0.07   
              Wheat      28      0.08      12      0.03   
Vegetables      41      0.12     136      0.30   
              Tomatoes      38      0.11      128      0.28   
Organic production       6      0.02        23      0.05   
Nursery products          0.5      0.00         10      0.02   
Seed crops     26      0.08         33      0.07   
Animal products        0.00         25      0.05   
TOTAL  335      1.00  461  1.00   
* Includes irrigated pasture and other miscellaneous crops; does not include non‐irrigated pasture.  










Figure 2.1. California Farm Revenue ($ million) and Yolo County  
Farm Revenue in 2009 by Commodity Category  











Figure 2.2. Historical Crop Acreage by Crop Category for Selected Years during 1950–2008  


























Figure 2.3. Crop Acreage by Major Field Crop for Selected Years, 1950–2008. Corn acreage in the 
early 1950s was not available. 








Figure 2.4. Acreage by Major Orchard and Vine Crop for Selected Years During 1950–2008. Grape 
acreage was not available in 1970. 









Figure 2.5. Historical Crop Acreage by Major Vegetable Crops, 1950–2008 
Source: Yolo County Agricultural Crop Report (1950-2008) 


















Figure 2.6. Annual Average Temperature, Computed Using Daily Minimum and Maximum 
















Figure 2.7a. Historical Average Monthly Temperature (°F) for July and August, Computed Using 




Figure 2.7b. Historical Average Monthly Temperature (°F) for January and February, Computed 
















































Figure 2.8. Minimum Average Temperature in Summer (July and August) and Winter (January and 
February) Months, Computed Using Daily Minimum Temperature for the  




Figure 2.9. Maximum Average Temperature in Summer (July and August) and Winter (January and 
February) Months, Computed Using Daily Maximum Temperature  












Figure 2.10a. Growing Degree Days for Summer Crops for 1909–2009, with Growth Season 
Including April through August  
Source: Authors’ calculation using data from NCDC/NOAA 
 
F 
Figure 2.10b. Growing Degree Days for Winter Crops for 1912–2009, with Growth Season Including 
November through May in the Following Year  




























Figure 2.11. Corn Heat Units for 1909–2009 for a Season Beginning on April 1 and Ending on 
August 31, Computed Using Daily Minimum and Maximum Temperature  
Source: Authors’ calculation using data from NCDC/NOAA 
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Figure 2.12. Calculation of Daily Chill Hours from Daily Minimum and Maximum Temperatures. The 
example illustrates the case when the daily minimum temperature is 30°F (-1°C), and the daily 







Figure 2.13. Annual Chill Hours Accumulated over November through February for the Period of 
1912–2009 Computed Using Daily Minimum and Maximum Temperature  
















Almond  400–700    Peach  200–1,200 
Apricot  350–1,000    Persimmon  100–500 
European 
pear  
600–1,500    Pistachio  800–1,000 
European 
plum  
700–1,800    Pomegranate  100–200 
Fig  100–500    Quince 
   
100–500 
Grape   100–500    Raspberry   100–1,800 
Kiwi  400–800    Sweet cherry  600–1,400 
Nectarine  200–1,200    Walnut   400–1,500 






















































































































































































































Table 2.3. Estimation Results of Crop Acreage Regression for Rice, Wheat, Safflower, Alfalfa, 
Corn, Irrigated Pasture, Tomatoes, Other Vegetables, Grapes, Prunes, Almonds, Walnuts, and 
Miscellaneous Fruit. (Detailed variable definitions are provided in the previous subsection dealing 
with model specifications). 
Field crops                
   Coefficient  t‐ratio        Coefficient  t‐ratio 
Arice        Aalfalfa       
Pricet‐1  620.8427  3.62***   Palfalfa t‐2  13.78913  0.46
Pcorn t‐1  ‐214.704  ‐0.48   Dind  13685.94  .
Dind  ‐4472.87  .   Prcpt‐1  1.764353  1.88*
Prcpt‐1  0.856056  0.8   Prcpt‐2  1.583242  1.62*
Prcpt‐2  1.347797  0.99   PRCP t‐3  0.770328  0.98
GDDsummer  ‐16.8889  ‐0.62   GDDwinter  48.05577  2.35**
Sample years: 1953–2008       Sample years: 1950–2008    
Log likelihood = ‐562.121       Log likelihood = ‐578.813    
                
Awheat        Acorn       
Pwheat t‐1  95.28042  4.09***   Pcorn t‐1  148.6254  0.21
Atomatoes t‐1  0.363334  1.83*   Pbarley t‐1  58.08705  1.49
Dind  ‐4036.08  .   Palfalfa t‐1  ‐91.3938  ‐2.09**
Prcpt  ‐3.80139  ‐2.21**   Dind  1009.279  .
Prcpt‐1  ‐3.56303  ‐1.47   Prcpt‐1  ‐0.23377  ‐0.21
Prcpt‐2  ‐3.30991  ‐1.96**   Prcpt‐2  2.868617  2.66***
GDDwinter  ‐118.848  ‐2.45**   GDDsummer  ‐6.76962  ‐0.17
Sample years: 1949–2008       Sample years: 1953–2008    
Log likelihood = ‐629.893       Log likelihood = ‐571.187    
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Table 2.3 (continued) 
Field crops             
  Coefficient t‐ratio      Coefficient  t‐ratio 
Asafflower         Apasture       
Psafflower t‐1  3.440266  0.64   Ppasture t‐1  ‐0.65549  ‐0.41
Pcorn t‐1  ‐575.098  ‐1.07   Pbarley t‐1  9.906607  1.32
Dind  ‐5093.05  .   Pwheat t‐1  ‐14.9011  ‐2.98***
Prcpt‐1  ‐2.05275  ‐1.92**   Dind  2118.416  .
Prcpt‐2  ‐2.22706  ‐1.59   Prcpt‐1  0.308552  1.25
GDDsummer  30.49686  0.98   Prcpt‐2  0.325629  1.22
          GDDsummer  6.978067  0.93
Sample years: 1953–2008      Sample years: 1949–2008    
Log likelihood = ‐571.390        Log likelihood = ‐509.689    
             
Vegetables                  
   Coefficient  t‐ratio       Coefficient  t‐ratio 
Atomatoes          Aoveg      
Ptomatoes t‐1  120.8775  1.69*   Atomatoes t‐1  0.029865  1.51
Arice t‐1  ‐0.15493  ‐1.37   Pwheat t‐1  ‐1.619  ‐0.33
Psafflower t‐1  10.88645  1.75*   Pcorn t‐1  71.09365  0.58
Dind  6130.501  .   Dind  515.3696  .
Prcpt‐1  1.460655  1.25   Prcpt‐1  0.335129  1.43
Prcpt‐2  ‐0.57176  ‐0.47   Prcpt‐2  0.171505  0.69
GDDwinter  46.56023  1.51   GDDsummer  6.552722  1.25
Sample years: 1952–2008       sample years: 1953–2008     
Log likelihood = ‐582.584        Log likelihood = ‐478.31   
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Table 2.3 (continued) 
Orchard crops               
   Coefficient  t‐ratio        Coefficient  t‐ratio 
Aprunes         Agrapes       
Pprunes t‐5,6,7  0.559267  2.03** Pgrapes t‐1,2,3  10.53052  2.18**
Pgrapes t‐6  ‐0.39062  ‐1.44 Aprunes t‐2  ‐0.60576  ‐0.95
Dind  72.60092  Dind  ‐2138.09  .
Prcpt‐1  0.046843  1.29 Prcpt‐3  0.157157  0.75
Prcpt‐2  0.057166  1.76* Prcpt‐4  0.099304  0.36
Chill  1.93071  2.36** Chill  ‐3.10026  ‐0.7
Sample years: 1954–2008       Sample years: 1952–2008      
Log likelihood = ‐362.99       Log likelihood = ‐246.905      
                
Aalmonds          Awalnuts      
Palmonds t‐5,6,7  404.4613  0.55 Pwalnuts t‐5  0.08268  0.31
Pwalnuts t‐3  0.887461  2.45** Palmonds t‐3  ‐55.759  ‐0.33
Pprounes t‐3  ‐0.6479  ‐0.64 Pprunes t‐3  ‐0.3399  ‐1.05
Dind  26.60237  . Dind  ‐936.82  .
Prcpt‐1  0.17063  0.78 Prcpt‐4  0.07215  0.55
Prcpt‐2  0.123223  0.68 Prcpt‐5  0.12415  0.88
Chill  ‐5.92143  ‐0.98 Chill  4.67149  1.73*
Sample years: 1954–2008       Sample years: 1952–2008      
Log likelihood = ‐457.363       Log likelihood = ‐438.918      
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Table 2.3 (continued) 
Orchard crops           
  Coefficient t‐ratio      Coefficient  t‐ratio 
Amfruit              
Pmfruit t‐1,2,3  0.029641  1.61*      
Palmonds t‐5  ‐26.8818  ‐0.73      
Dind  41.78882  .      
Prcpt‐3  ‐0.038  ‐1.19      
Prcpt‐4  ‐0.02073  ‐0.56      
GDDsummer  0.83654  0.82      
Chill  1.876831  2.15**      
Sample years: 1952–2008            
Log likelihood = ‐372.818                
Notes: The number of asterisks indicates different levels of significance: *** (P≤0.01), ** (P≤0.05), and * (P≤0.1).  
 











































Figure 2.14a. Annual Accumulated Growing Degree Days for Summer Months, April through 





Figure 2.14b. Annual Accumulated Growing Degree Days for Winter Months, November through 
May for 2010–2050 under B1 and A2 Scenarios Using GFDL Climate Data 
 
F 
Figure 2.14c. Annual Accumulated Chill Hours (for November through February) for 2010–2050 
under B1 and A2 Scenarios Using GFDL Climate Data 
 
F 
Figure 2.14d. Annual Precipitation (Hundredth Inches) for the Period from November through April 




Figure 2.15a. Ten-Year Moving Average of Growing Degree Days (GDD) in Summer Months (April 
through August) for 2010–2050 under B1 and A2 Scenarios Using GFDL Climate Data 
 
F 
Figure 2.15b. Ten-Year Moving Average of Growing Degree Days (GDD) in Winter Months 
(November through May) for 2010–2050 under B1 and A2 Scenarios Using GFDL Climate Data 
 
F 
Figure 2.15c. Ten-Year Moving Average of Chill Hours for 2010–2050 under B1 and A2  













































Projected under B1 Projected under A2
Rice Acreage
 
Figure 2.16a. Rice Acreage in Yolo County, in the Past and as Projected with an Econometric 
Model Based on Historical Data. The left half of the graph presents actual and projected acreage 
values in solid and dotted lines, respectively, and the right half presents projected acreage for the 
B1 and A2 scenarios for 2010–2050 using GFDL climate data. Crop acreages for 2008 are the 




















Predicted under B1 Predicted under A2
Wheat Acreage
 
Figure 2.16b. Wheat Acreage in Yolo County, in the Past and as Projected Based on the Estimates 
of an Econometric Model Using Data for 1950–2008. The left half of the graph presents actual and 
projected acreage values in solid and dotted lines, respectively, and the right half presents 
projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. Crop 
acreages for 2008 are the starting point for the future modeling, and all other factors except 





















Projected under B1 Projected under A2
Alfalfa Acreage
 
Figure 2.16c. Alfalfa Acreage in Yolo County, in the Past and as Projected Based on the Estimates 
of an Econometric Model Using Data for 1950–2008. The left half of the graph presents actual and 
projected acreage values in solid and dotted lines, respectively, and the right half presents 
projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. Crop 
acreages for 2008 are the starting point for the future modeling, and all other factors except 


























Projected under B1 Projected under A2
Safflower Acreage
 
Figure 2.16d. Safflower Acreage in Yolo County, in the Past and as Projected Based on the 
Estimates of an Econometric Model Using Data for 1950–2008. The left half of the graph presents 
actual and projected acreage values in solid and dotted lines, respectively, and the right half 
presents projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. 
Crop acreages for 2008 are the starting point for the future modeling, and all other factors except 
























Projected under B1 Projected under A2
Corn Acreage
 
Figure 2.16e. Corn Acreage in Yolo County, in the Past and as Projected Based on the Estimates 
of an Econometric Model Using Data for 1950–2008. The left half of the graph presents actual and 
projected acreage values in solid and dotted lines, respectively, and the right half presents 
projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. Crop 
acreages for 2008 are the starting point for the future modeling, and all other factors except 
























Projected under B1 Projected under A2
Irrigated Pasture Acreage
 
Figure 2.16f. Irrigated Pasture Acreage in Yolo County, in the Past and as Projected Based on the 
Estimates of an Econometric Model Using Data for 1950–2008. The left half of the graph presents 
actual and projected acreage values in solid and dotted lines, respectively, and the right half 
presents projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. 
Crop acreages for 2008 are the starting point for the future modeling, and all other factors except 






































Figure 2.17. Field Crop Acreage Projections by Crop and by Climate Scenario for Selected Years 
over 2010–2050, as Projected Based on the Estimates of an Econometric Model Using Data for 
1950–2008. Crop acreages for 2008 were the starting point for the future modeling, and all other 
























Projected under B1 Projected under A2
Tomato Acreage
 
Figure 2.18a. Tomato Acreage in Yolo County, in the Past and as Projected Based on the 
Estimates of an Econometric Model Using Data for 1950–2008. The left half of the graph presents 
actual and projected acreage values in solid and dotted lines, respectively, and the right half 
presents projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. 
Crop acreages for 2008 are the starting point for the future modeling, and all other factors except 




















Projected under B1 Projected under A2
Other Vegetable (excluding tomatoes) Acreage
 
Figure 2.18b. Other Vegetable Acreage in Yolo County, in the Past and as Projected Based on the 
Estimates of an Econometric Model Using Data for 1950–2008. The left half of the graph presents 
actual and projected acreage values in solid and dotted lines, respectively, and the right half 
presents projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. 
Crop acreages for 2008 are the starting point for the future modeling, and all other factors except 








Figure 2.19. Vegetable Acreage Projections by Crop and by Climate Scenario for Selected Years 
over 2010-2050, as Projected Based on the Estimates of an Econometric Model Using Data for 
1950–2008. Crop acreages for 2008 are the starting point for the future modeling, and all other 
factors except climate are held constant until 2050. 
 

























Projected under B1 Projected under A2
Prune Acreage
 
Figure 2.20a. Prune Acreage in Yolo County, in the Past and as Projected Based on the Estimates 
of an Econometric Model Using Data for 1950–2008. The left half of the graph presents actual and 
projected acreage values in solid and dotted lines, respectively, and the right half presents 
projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. Crop 
acreages for 2008 arethe starting point for the future modeling, and all other factors except 














1980 2000 2020 2040 2060
year
Observed Predicted
Projected under B1 Projected under A2
Grape Acreage
 
Figure 2.20b. Grape Acreage in Yolo County, in the Past and as Projected Based on the Estimates 
of an Econometric Model Using Data for 1950–2008. The left half of the graph presents actual and 
projected acreage values in solid and dotted lines, respectively, and the right half presents 
projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. Crop 
acreages for 2008 are the starting point for the future modeling, and all other factors except 

























Projected under B1 Projected under A2
Almond Acreage
 
Figure 2.20c. Almond Acreage in Yolo County, in the Past and as Projected Based on the 
Estimates of an Econometric Model Using Data for 1950–2008. The left half of the graph presents 
actual and projected acreage values in solid and dotted lines, respectively, and the right half 
presents projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. 
Crop acreages for 2008 are the starting point for the future modeling, and all other factors except 




















Projected under B1 Projected under A2
Walnut Acreage
 
Figure 2.20d. Walnut Acreage in Yolo County, in the Past and as Projected Based on the Estimates 
of an Econometric Model Using Data for 1950–2008. The left half of the graph presents actual and 
projected acreage values in solid and dotted lines, respectively, and the right half presents 
projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate data. Crop 
acreages for 2008 are the starting point for the future modeling, and all other factors except 



















Projected under B1 Projected under A2
Misc. Fruit Acreage
 
Figure 2.20e. Miscellaneous Fruit Acreage in Yolo County, in the Past and as Projected Based on 
the Estimates of an Econometric Model Using Data for 1950–2008. The left half of the graph 
presents actual and projected acreage values in solid and dotted lines, respectively, and the right 
half presents projected acreage for the B1 and A2 scenarios for 2010–2050 using GFDL climate 
data. Crop acreages for 2008 are the starting point for the future modeling, and all other factors 




























Figure 2.21. Orchard and Vine Acreage Projections by Crop and by Climate Scenario for Selected 
Years over 2010–2050, as Projected Based on the Estimates of an Econometric Model Using Data 
for 1950–2008. Crop acreages for 2008 are the starting point for the future modeling, and all other 



















































Crop shares of acreage projection under B1
 
Figure 2.22a. Crop Specific Shares in 2050 Under the B1 Scenario, as Projected Based on the 
Estimates of an Econometric Model Using Data for 1950–2008. Crop acreages for 2008 are the 





























Crop shares of acreage projection in 2050 under A2
 
Figure 2.22b. Crop specific shares in 2050 under the A2 scenario, based on the estimates of an 
econometric model using data for 1950–2008. Crop acreages for 2008 are the starting point for the 

























Crop acreage shares in 2008
 



































































































































































































































Section 3: Simulating the Effects of Climate Change 
and Adaptive Water Management on the Cache Creek 
Watershed: Alternative Agricultural Scenarios for a 









































































































































































Figure 3.1. Map of the Study Area Modeled Using WEAP. Colored polygons are independently 
characterized catchments. The hatched polygon is the Yolo County Flood Control and Water 
Conservation District. 
 
































































































Table 3.1. Characteristics of the Catchments Used to Discretize the WEAP Model of the Cache Creek Watershed 
ID Area (km2) Catchment Description Dominant land use 
CC-01 150 Upper Indian Valley Twin Valley and Bartlett Creeks Forest 
CC-02 162 Middle Indian Valley Spanish Creek and Indian Valley Reservoir Forest 
CC-03 268 Lower Indian Valley Wolf, Long Valley, Hog Hollow and Grizzly Creeks to 
confluence with Cache Creek 
Forest 
CC-04 115 Kelsey Creek Kelsey Creek Forest 
CC-05 1149 Clear Lake Clear Lake except Kelsey Creek, Copsey Creek and Siegler 
Canyon 
Forest, grassland, some urban 
CC-06 45 Copsey Creek Copsey Creek Forest, grassland 
CC-07 93 Seigler Canyon Seigler Canyon which ends below gauge at confluence with 
North Fork 
Forest 
CC-08 183 Upper Cache Creek From North Fork confluence to Bear Creek confluence, 
including Rocky and Davis Creek 
Forest 
CC-09 266 Bear Creek Bear Creek to confluence with Cache Creek Forest, grassland 
CC-10 349 Capay Valley Capay Valley to Capay Diversion Dam Forest, grassland, some agriculture 
YC-01 186 Willow slough Willow Slough headwaters outside District service area Grassland, forests 
YC-02 753 YCFCWCD Lower District service area below Capay Dam Agriculture 















































Table 3.2. Historical Crop Proportions and Average Annual Irrigation Demand by Crop Type for Yolo County’s Irrigated Agricultural 
Area. Irrigation demand estimates simulated using WEAP are compared to Department of Water Resources (DWR) portfolio data at the 





Crop Type  1980 1990 2000 2008  DWR WEAP Model
  ‐‐‐‐‐‐‐‐‐‐ % irrigated area ‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐ acre feet ‐‐‐‐‐
Grain  37.3 25.3 18.3 19.2  1.2 1.1
Alfalfa  4.7 10.5 11.6 17.5  5.3 5.2
Other Field  6.6 12.0 12.0 16.4  2.5 2.3
Tomatoes  14.2 17.3 14.5 11.6  3.1 3.1
Rice  9.9 7.3 10.8 9.3  5.4 5.3
Vine  0.2 0.8 3.4 4.2  1.9 1.9
Safflower  1.9 8.0 7.3 4.2  0.7 0.7
Pasture  4.6 3.8 3.9 4.0  5.7 5.4
Other Deciduous  2.6 3.0 4.0 3.9  4.2 4.2
Almond  2.7 2.2 1.7 3.5  4.3 4.3
Other Truck  0.3 1.0 1.2 3.4  4.2 4.1
Corn  10.1 4.4 8.4 2.5  2.9 2.8
Cucurbits  0.0 1.5 1.3 0.4  1.7 1.7
Sugarbeets  3.9 2.0 0.3 0.0  3.1 3.1
Dry Beans  1.2 1.0 0.0 0.0  3.0 3.0
Cotton  0.0 0.0 1.2 0.0  2.3 2.4







Figure 3.2. Irrigation Schedules and Thresholds (%) for Each Crop Type Used to Simulate Irrigation Demand  













































Table 3.3. Future Land Use Projections by Crop Type in Yolo County’s Irrigated Agricultural Area. The econometric projections (used in 
Adaptation 1) are based on downscaled climate data from the GFDL general circulation model for the B1 and A2 emissions scenarios. 
The hypothetical land use projections (used in Adaptation 2 and 3) assume a more diverse cropping pattern and gradual shift towards 
crops that require less water. 
  Historic  Econometric Projections Hypothetical Land Use Projections 
  GFDL B1 GFDL A2
Crop Type  2008  2025 2050 2025 2050  2025 2050 2075 2099
  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ % of irrigated area ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
Grain  19.2  18.8 17.5 18.8 18.2  20.3 21.9 23.5 25
Alfalfa  17.5  17.4 19.9 17.3 18.8  15.0 11.3 7.6 4.0
Other Field  16.4  16.2 14.9 16.0 15.5  13.5 9.3 5.1 1.0
Tomatoes  11.6  12.6 13.7 12.4 13.5  12.1 12.7 13.4 14.0
Rice  9.3  10.8 10.7 10.2 10.9  8.3 6.9 5.4 4.0
Vine  4.2  3.8 3.6 3.7 3.7 5.3 6.9 8.5 10.0
Safflower  4.2  4.4 2.9 5.4 3.1 3.8 3.2 2.6 2.0
Pasture  4.0  3.7 3.6 3.9 3.7 4.0 4.0 4.0 4.0
Other deciduous  3.9  3.4 3.1 3.6 3.3 4.1 4.4 4.7 5.0
Almond  3.5  3.7 3.5 3.5 3.6 4.2 5.1 6.1 7.0
Other truck  3.4  3.4 3.1 3.4 3.3 4.1 5.1 6.1 7.0
Corn  2.5  1.5 3.0 1.3 1.8 3.9 6.0 8.0 10.0
Cucurbits  0.4  0.4 0.4 0.4 0.4 0.7 1.1 1.6 2.0
Sugarbeets  0  0 0 0 0 0 0 0 0
Dry beans  0  0 0 0 0 0 0 0 0
Cotton  0  0 0 0 0 0 0 0 0


















3.4 Results and Discussion 


































































Figure 3.3. Observed and Modeled Stream Flow Hydrographs (cubic feet per second) for (a) Hough 
Springs and (b) Kelsey Creek and Reservoir Storage Volumes (thousand acre feet) for (c) Clear 
Lake (CL) and Indian Valley (IV) during the Historical Period (1970–2005) 
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Table 3.4. Precipitation, Temperature, Irrigation Demand and Groundwater Supply for the Yolo 
County Flood Control and Water Conservation District During the Historical, Near-Term, Midterm, 
and Far-Term Periods. Projections for the future periods are simulated in WEAP using 
downscaled climate data from the GFDL climate model for the B1 and A2 emissions scenarios. 
Each time period represents 30 years. 
  Historical Near term Midterm  Far term
  1971–2000 2010–2039 2040–2069  2070–2099
B1 A2 B1 A2  B1 A2
Precipitation (mm yr‐1)  561 446 428 430  417  349 342
Temperature (oC)  16.5 17.2 17.2 17.7  18  18  19.5
Annual irrigation demand (TAF yr‐1) 381 466 463 460  471  483 501













































































Figure 3.4. Precipitation, Temperature, Irrigation Demand and Groundwater Supply (as a Percent 
of Total Irrigation Supplied) for the Yolo County Flood Control and Water Conservation District 
During the Historical, Near-Term, Midterm, and Far-Term Periods. Surface water supply makes up 
the fraction of total irrigation supplied not accounted for by ground water. Projections for the 
future periods are simulated in WEAP using downscaled climate data from the GFDL general 
circulation model for the B1 and A2 emissions scenarios and no adaptation scenarios. 
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Table 3.5. Comparison of Water Years below Full Allocation, Water Years with No Allocation, Annual Irrigation Demand, and Annual 
Groundwater Supply for the Historical and Future Periods under Various Climate and Adaptation Scenarios. The B1 and A2 climate 
scenarios are derived from downscaled projections of the GFDL general circulation model. Each time period represents 30 years. 
      B1 Climate + Adaptation A2 Climate + Adaptation
Indicator  Period  Historical B1 Climate 1c 2d 3e  A2 Climate 1c 2d 3e





near term     ‐3 ‐3 ‐3  ‐3 ‐3 ‐3
midterm     ‐1 1 ‐2 ‐3  ‐3 1 ‐3 ‐4





near term     2 2 2  ‐2 ‐2 ‐2
midterm     4 1 4 3  3 1 3 2





near term     85 79 51  82 76 46
mid term     79 81 62 ‐15  90 81 72 ‐13





near term     46 38 16  39 32 9
midterm     29 34 12 ‐48  53 44 35 ‐40










Figure 3.5. Difference in Projected Irrigation Demand for Three Adaptation Scenarios Relative to the Impact of Climate Alone (2009–
2099). The B1 and A2 climate scenarios are derived from downscaled projections of the GFDL general circulation model. Adaptation 1 is 
based on land use projections derived from an econometric model for the 2009–2050 period. Adaptation 2 uses hypothetical land use 
projections, which assume a more diverse and water-efficient cropping pattern. Adaptation 3 combines the diversified cropping pattern 






























































































































































































































ASW allowable seasonal withdrawal limits 
BCCA Bias Corrected Constructed Analog 
CDE California Data Exchange Center 
cfs cubic feet per second 
DAU Detailed Analysis Unit 
CM climate model 
DEM Digital Elevation Model 
DWR Department of Water Resources 
GFDL Geophysical Fluid Dynamics Laboratory 
IPCC Intergovernmental Panel on Climate Change 
km2 square kilometers 
NLCD National Landcover Data Set 
NOAA National Oceanic and Atmospheric Administration 
TAF Thousand Acre Feet 






Section 4: Involving Local Agriculture in 
California’s Climate Change Policy: An Inventory 






























































4.2 Materials and Methods 
































































































































































































































































Table 4.2. Summary of Yolo County Agricultural CO2, N2O, and CH4 Emissions (kt CO2e) for 1990 and 2008, by Source Category. 
Estimates were made using Tier 1 methods, activity data based on local agricultural practices, and default emission factors. For detailed 
methods see supplementary material. 
Source Category 
1990 Emissions    2008 Emissions    Change 
since 
1990  CO2  N2O  CH4  Total  Annual    CO2  N2O  CH4  Total  Annual   
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ kt CO2e ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐  %    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ kt CO2e ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐  %    % 
Direct N2O from soil  ‐‐‐  126.55  ‐‐‐  126.55  37.0    ‐‐‐  97.27  ‐‐‐  97.27  31.8    ‐ 23.1 
Indirect N2O  ‐‐‐  36.43  ‐‐‐  36.43  10.7    ‐‐‐  26.68  ‐‐‐  26.68    8.7    ‐ 26.8 
Mobile farm 
equipment  71.00  0.57  0.21  71.78  21.0    69.43  0.55  0.21  70.19  23.0 
 
 ‐ 2.2 
Irrigation pumping  39.16  0.31  0.12  39.59  11.7    40.54  0.32  0.12  40.98  13.5        3.5 
Livestock1  ‐‐‐  10.64  26.53  26.53    7.8    ‐‐‐  12.39  31.84  31.84  10.5      20.0 
Rice cultivation  ‐‐‐  ‐‐‐  25.92  25.92    7.7    ‐‐‐  ‐‐‐  31.16  31.16  10.2      20.2 
Residue burning2  ‐‐‐  4.86  1.76  6.61    2.0    ‐‐‐  1.59  0.83  2.42    0.8    ‐ 63.4 
Lime  4.35  ‐‐‐  ‐‐‐  4.35    1.3    2.32  ‐‐‐  ‐‐‐  2.32    0.8    ‐ 46.7 
Urea  4.15  ‐‐‐  ‐‐‐  4.15    1.2    3.46  ‐‐‐  ‐‐‐  3.46    1.1    ‐ 16.7 









Figure 4.1. Direct and Indirect N2O Emissions (kt CO2e) in Yolo County during 1990 and 
2008 as a Function of N Source (N Fertilizers, Crop Residues, Urine in Pasture, Manure), 
Leaching and Volatilization. Emissions were estimated using Tier 1 methods, activity data 
that reflects local crop management practices and default emission factors. 
 
Table 4.3. Land Area and Average Emissions Rates (t CO2e ha-1 yr-1) for Rangeland and 
Irrigated Cropland and in Yolo County during 1990 and 2008, Estimated Using Tier 1 
Methods, Activity Data Based on Local Agricultural Practices,  
and Default Emission Factors 
  Land Area    Average Emissions Rate 
Land‐use Category  1990  2008    1990  2008 
  ‐‐‐‐‐ ha ‐‐‐‐‐    ‐‐‐ t CO2e ha‐1 yr‐1 ‐‐‐ 
Rangeland1  53,419  54,946    0.70  0.80 







Figure 4.2. Change in Yolo County Irrigated Cropland (ha) between 1980 and 2008. Vertical 





























































Table 4.4. Cultivated Area, Production Input Rates and Estimated Emissions for Yolo County Crop Categories in 1990 and 2008. 
Estimated emissions for direct N2O, indirect N2O, and mobile farm equipment are based on Tier 1 inventory methods, local activity data, 
and default emission factors. 

















Crop Category  1990  2008    1990  2008  1990  2008  1990  2008    1990  2008  1990  2008  1990  2008 
  ‐‐‐‐‐ ha ‐‐‐‐‐    ‐‐‐‐‐‐‐ kg N ha‐1 yr‐1 ‐‐‐‐‐‐‐‐  ‐‐ L ha‐1 yr‐1 ‐‐    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ kg CO2e ha‐1 yr‐1‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Alfalfa  14,569  22,950    12  12  57  68  85  33    338  389  20  20  228  88 
Almond  3,054  4,639    224  247  ‐‐‐  ‐‐‐  269  103    1092  1201  355  390  727  278 
Corn  6,070  3,285    392  269  99  112  137  262    2394  1857  621  426  369  706 
Grain Hay  5,099  6,804    112  90  51  77  56  56    794  811  177  142  151  151 
Grapes  640  4,857    56  45  ‐‐‐  ‐‐‐  215  215    273  218  89  71  580  580 
Irrigated Pasture  5,261  5,261    50  50  ‐‐‐  ‐‐‐  2  2    246  246  80  80  6  6 
Melons  2,145  578    146  196  ‐‐‐  ‐‐‐  306  1169    710  955  231  310  826  3154 
Prunes  880  851    168  168  ‐‐‐  ‐‐‐  168  168    819  819  266  266  454  454 
Rice  10,117  12,164    191  207  12  48  186  253    337  535  302  328  502  681 
Safflower  11,214  5,469    112  112  ‐‐‐  ‐‐‐  122  122    546  546  177  177  328  328 
Tomato  24,079  15,204    224  235  ‐‐‐  ‐‐‐  514  730    1092  1146  355  373  1387  1968 
Walnuts  2,739  3,606    224  224  ‐‐‐  ‐‐‐  106  56    1092  1092  355  355  287  151 
Wheat  28,428  17,158    224  135  68  73  115  123    1424  1008  355  213  311  333 
Misc. Field Crops  12,100  12,309    125  125  ‐‐‐  ‐‐‐  240  227    607  607  197  197  648  613 
Misc. Fruit & Nut  590  619    110  140  ‐‐‐  ‐‐‐  221  190    534  682  174  222  596  512 
Misc. Vegetables  307  1,449    232  198  ‐‐‐  ‐‐‐  816  1110    1130  966  367  314  2200  2995 






Table 4.5. Emissions from Mobile Farm Equipment in Yolo County during 2008, Estimated 













Figure 4.3. Livestock CH4 Emissions from Enteric Fermentation and Manure Management 
as a Function of Livestock Category. Emissions were estimated using Tier 1 methods, 




Table 4.6. Methane Emissions from Rice Cultivation in Yolo County for 1990 and 2008, Estimated  
















      ha  % of ha  % of ha  % of ha  kg CH4 ha‐1 yr‐1  kt CO2e 
Tier 1 
Method1 
1990  ‐‐‐  10,117  ‐‐‐  ‐‐‐  ‐‐‐  122.0  25.9 
2008  ‐‐‐  12,164  ‐‐‐  ‐‐‐  ‐‐‐  122.0  31.2 
DNDC 
Model2 
1990  A  10,117  100.0     0.0      0.0  151.4  32.2 
2008  B  12,164     12.5  87.5      0.0  196.0  50.0 
2008  C  12,164     12.5  87.5  100.0  257.4  65.8 































































































































































Table 4.7. Trade-offs and Co-benefits of Potential Agricultural Strategies to Mitigate GHG Emissions in Yolo County 






























































Table 4.7 (continued) 






























Urea Use  substitute non urea‐based N fertilizers  ‐low mitigation potential  ‐‐ 




























































































































































































































AB 32 California Assembly Bill 32, California Global Warming Solutions Act of 2006 
CAGO California Attorney General’s Office 
CARB California Air Resources Board 
CDFA California Department of Agriculture 
CH4 methane 
CMIS California Irrigation Management Information System 
CO2e carbon dioxide equivalent 
DNDC DeNitrification-DeComposition  
EIA Energy Information Administration 
FMMP Farmland Mapping and Monitoring Program 
GHG greenhouse gas 
IPCC Intergovernmental Panel on Climate Change 
N nitrogen 
N2O nitrous oxide 
NASS National Agricultural Statistics Service database 
NH3 ammonia 
NOx nitrogen oxide 
OFFROAD Tier 3 OFFROAD emissions model 
ppm parts per million 
SB 375 California Senate Bill 375 
SSURGO Natural Resources Conservation Service’s Soil Survey Geographic 
UCCE University of California Cooperative Extension 
USDA U.S. Department of Agriculture 
U.S. EPA U.S. Environmental Protection Agency 




Section 5: Farmer Perceptions of Climate Change in 
Yolo County: What Drives Their Inclination to Adopt 
































































































5.3 Results and Discussion 












































































11.8  17.4  34.2  14.3  11.8  10.6 




Table 5.2. Perception of Past Trends in Local Summer Temperatures, Winter Temperatures, 












Summer temperature (n = 160)  5.6  61.9  21.3  11.3 
Winter temperature (n = 158)  7.6  70.3  8.9  13.3 
Annual rainfall (n = 156)  3.2  69.2  15.4  12.2 
Water availability (n = 158)  0.7  46.8  43.0  9.5 
Frequency of drought (n = 157)  14.6  62  5.1  17.8 
Frequency of flooding (n = 157)  3.2  65  14.6  17.2 





























Figure 5.1. Historical Trends (1909–2009) in Mean Maximum (a) and Minimum (b) Temperatures 
during the Summer (June, July, and August) and Winter (December, January, and February) 
Months in Davis, California. Temperature records are from the Davis weather station  






Table 5.3. Mean Response of Farmers Who Reported a Decrease in Summer Temperatures over 














































Does Concern for Specific Climate Impacts Influence What Adaptation Practices 






































Figure 5.2. Mean Likelihood of Farmers Adopting Various Mitigation and Adaptation Practices 






































energy prices (n = 160)  1.55  1.43  1.46  1.62  1.79  1.41  1.00  1.8    1.64 
More volatile markets 
(n = 159)  2.31  2.38  2.27  2.36  2.26  2.19  2.00  2.65    2.34 
New pests and 




groundwater (n = 159)  2.39  2.35  2.50  2.61  2.66  2.11  3.00  2.40    2.41 
Less reliable surface 
Water (n = 156)  2.31  2.49  2.19  2.51  2.37  2.34  3.00  2.55    2.47 
More severe droughts 








temperatures (n = 159)  3.18  3.19  3.19  3.43  3.11  3.03  4.00  3.45    3.14 
Increased flooding 
(n = 161)  3.12  3.11  2.62  3.04  3.00  3.11  4.00  3.40    3.16 
More winter freezes 




hours (n = 160)  3.53  3.53  3.77  3.64  3.26  2.94  4.00  3.85    3.34 





Table 5.5. Regression Coefficients for Past Climate Perceptions (1= increased over time, 2 = stayed the same, 3= decreased over time) 

















More severe droughts  0.10  ‐0.21  ‐0.73**  ‐1.02**  0.56**  ‐0.04 
Less reliable surface 
water  ‐0.18  0.14  ‐0.39  ‐0.69**  0.04  0.06 
Less reliable 
groundwater  ‐0.10  0.08  ‐0.28  ‐0.88**  0.25  ‐0.09 
Increased flooding  ‐0.11  0.06  0.02  ‐0.49**  ‐0.10  ‐0.04 
Fewer winter chill hours  ‐0.16  ‐0.07  0.09  ‐0.16  ‐0.01  ‐0.57** 
Warmer summer 
temperatures  0.22  ‐0.28  ‐0.23  ‐0.41**  0.21  ‐0.30 
More heat waves  0.38*  ‐0.28  ‐0.29  ‐0.44**  0.40*  ‐0.18 
More winter freezes  ‐0.17  ‐0.52**  ‐0.36†  ‐.47**  0.41*  ‐0.56** 
New crop pests/diseases  0.10  0.17  ‐0.15  ‐.51**  0.20  ‐0.08 
More volatile markets  ‐0.17  0.36†  ‐0.12  ‐.39*  0.24  0.30 
Higher fuel and energy 
prices  0.04  ‐0.05  ‐0.25  ‐.54**  0.09  ‐0.04 
More government 
regulations  ‐0.27  0.31  ‐0.18  ‐.08  0.13  ‐0.08 
*significant at P<0.05 





Table 5.6. Regression Coefficients for Future Climate Impact Concerns (1=very concerned, 4 = not concerned) and the Inclination to Use 








































acreage  0.01  0.11  0.07  ‐0.03  0.07  ‐0.09  ‐0.06  0.03  0.23*  0.19* 
Pump more 
groundwater 




0.19*  0.31*  0.19*  0.10  0.06  0.14  0.14  0.27*  0.21*  0.16* 
Adopt drip 




0.27*  0.16  0.14  0.18*  0.19*  ‐0.01  0.13  0.17*  0.19*  0.13 
Change to less water 
intensive crops  0.07  0.13  0.06  ‐0.01  0.04  0.01  0.09  0.01  0.09  0.10 
Make fewer cuts of 




‐0.11  ‐0.01  0.04  ‐0.15  ‐0.08  ‐0.18  ‐0.18  ‐0.10  ‐0.05  ‐0.01 
Reduce stocking rate 
for livestock 
‐0.06  ‐0.13  ‐0.10  ‐0.30†  ‐0.23  ‐0.30  ‐0.23  0.05  0.02  ‐0.05 
*significant at P<0.05 














































Table 5.7. Regression Coefficients for Climate Change Views (1= strongly agree, 5= strongly disagree) and Farmers Inclination to Adopt 














Reduce on‐farm electricity use   0.26**  0.32**  0.29**  0.29** 
Invest in fuel efficient farm equipment  0.156*  0.22**  0.25**  0.24** 
Use conservation tillage  0.11  0.20**  0.08  0.08 
Install solar panels or wind turbines  0.34**  0.41**  0.36**  0.32** 
Use biofuels or biomass for energy needs  .21**  0.26**  0.16  0.16 
Reduce nitrogen fertilizer rate  0.13*  0.23**  0.18*  0.19** 
Improve nitrogen use efficiency  0.01  0.09  0.08  0.05 
Increase certified organic acreage  0.18**  0.20**  0.11  0.08 
Increase orchard crop acreage  0.11  0.14  0.28**  0.21* 
Modify water and residue management in  0.23  0.09  0.40**  0.28* 
Build methane digester  0.06  ‐0.06  ‐0.01  0.07 
Modify livestock diet  0.35*  0.18  0.41**  0.29† 
Reduce burning of crop residues  0.41**  0.33**  0.33**  0.31** 
Plant trees  0.37**  0.32**  0.36**  0.25* 
*significant at P<0.05 









Table 5.8. Regression Coefficients for Frequency of Contact with Local Agriculture Organizations (1= weekly, 2= monthly, 3= annually, 
4= never) and Farmers’ Willingness to Adopt Mitigation Practices (1= very likely to adopt, 5= very unlikely) 
 Mitigation practice 






























electricity use  0.06 0.23* 0.16 0.25* 0.07 0.25* 0.30* 0.18 0.63** 
Invest in fuel-efficient 
farm equipment 0.30** 0.22* 0.24* 0.43** 0.33** 0.49** 0.45** 0.33* 0.38* 
Use conservation tillage 0.11 0.17 0.05 0.38** 0.11 0.36** 0.33** 0.16 0.32 
Install solar panels or 
wind turbines 0.02 0.07 0.14 0.13 0.12 0.17 0.31* 0.30 0.42* 
Use biofuels or biomass 
for energy  0.10 0.21 0.05 0.24 0.18* 0.16 0.21 0.28 0.33 
Reduce nitrogen 
fertilizer rate 0.08 0.17* 0.16 0.17 0.14* 0.16 0.22* 0.13 0.35* 
Improve nitrogen use 
efficiency -0.01 0.08 0.04 0.13 0.08 0.15 0.19* 0.10 0.05 
Increase certified 
organic acreage -0.11 -0.05 0.05 0.22 -0.02 0.12 0.07 -0.12 0.45* 
Increase orchard crop 
acreage 0.04 0.16 0.15 0.31 0.14 0.25 0.32* 0.36* 0.33 
Modify water and 
residue management in 
rice 
0.11 0.11 -0.04 0.46 0.30* 0.309 0.12 -0.06 0.05 
Build methane digester 0.07 0.08 -0.07 0.01 0.03 -0.13 0.01 0.10 0.32 
Modify livestock diet 0.22 -0.02 -0.40 0.20 0.028 0.19 -0.05 0.28 0.02 
Reduce burning of crop 
residues 0.46** 0.26 0.16 0.38* 0.32** 0.50** 0.53** 0.21 0.43 
Plant trees -0.03 0.17 0.26 0.1 -0.06 0.23 0.46** 0.49* 0.77** 
*significant at P<0.05 













































Table 5.10. Regression Coefficients for Participation in Conservation Programs and Inclination to Adopt Mitigation Practices  
(1= very likely to adopt, 5= very unlikely) 
 Mitigation practice 
Participation in conservation programs 
Organic  Williamson Act  EQIP  Land Trust 
Reduce on‐farm electricity use   ‐0.71**  ‐0.12  ‐0.55**  ‐0.28 
Invest in fuel‐efficient farm equipment  ‐0.52*  ‐0.31  ‐.081**  ‐0.43 
Use conservation tillage  ‐0.59*  ‐0.44*  ‐0.47*  ‐0.32 
Install solar panels or wind turbines  ‐0.80*  ‐0.19  ‐0.86**  ‐0.58* 
Use biofuels or biomass for energy needs  ‐0.11**  ‐0.06  ‐0.41  ‐0.35 
Reduce nitrogen fertilizer rate  ‐0.29  ‐0.04  ‐0.43**  ‐0.06 
Improve nitrogen use efficiency  ‐0.15  ‐0.05  ‐0.10  ‐0.22 
Increase certified organic acreage  ‐1.37**  0.27  ‐0.37*  0.04 
Increase orchard crop acreage  ‐0.80**  ‐0.81**  ‐0.49*  ‐0.36 
Modify water and residue management in  0.10  0.18  ‐0.36  0.07 
Build methane digester  0.09  ‐0.01  ‐0.24  ‐0.29 
Modify livestock diet  ‐0.56  ‐0.14  0.40  0.35 
Reduce burning of crop residues  ‐0.84*  0.11  1.02**  ‐0.59 
Plant trees  ‐1.33**  ‐0.31  ‐0.93**  ‐0.75* 
*significant at P<0.05 








































Table 5.11. Regressions Coefficients for Views on Government Policy Statements (1= strongly agree, 5= strongly disagree) and the 























Reduce on‐farm electricity use   0.36**  ‐0.14  ‐0.08  0.29** 
Invest in fuel‐efficient farm equipment  0.17*  ‐0.01  0.09  0.25** 
Use conservation tillage  0.18*  ‐0.07  0.06  0.24** 
Install solar panels or wind turbines  0.29**  ‐0.23*  ‐0.12  0.41** 
Use biofuels or biomass for energy needs  0.27**  ‐0.07  ‐0.06  0.34** 
Reduce nitrogen fertilizer rate  0.16*  ‐0.06  ‐0.12  0.19** 
Improve nitrogen use efficiency  0.13*  ‐0.01  0.08  0.08 
Increase certified organic acreage  0.19*  ‐0.01  ‐0.08  0.26** 
Increase orchard crop acreage  0.11  0.09  0.08  0.20* 
Modify water and residue management  0.06  ‐0.11  0.13  0.30** 
Build methane digester  0.06  0.05  0.03  ‐0.05 
Modify livestock diet  0.32  ‐0.38  0.21  0.18 
Reduce burning of crop residues  0.19  ‐0.37**  ‐0.27*  0.40** 
Plant trees  0.33**  ‐0.29*  ‐0.14  0.39** 
*significant at P<0.05 
































































































Section 6: Land Use Change, GHG Mitigation, 



































































































































































Table 6.1 Examples of UPlan Geographic Variables 
Attractors Discouragements Masks 
Census Blocks with Growth 
Freeway Ramps 
Major and Minor Arterials 
High Infill Areas 
Commercial Strips 
Floodplains 
Low Infill Areas 
Prime Agricultural Soils 
Steep Slopes 































































































































































































































































6.4. Results of UPlan Modeling 

































Figure 6.1. Urban Growth in Yolo County, 2010–2050, A2 Scenario. Dark grey lines represent 
municipal boundaries as of 2010. See Figure 6.2 for more detail on urbanization.  
 
Table 6.2. Summary of New Development by Land Use Type under Each Storyline. Values in 











Industrial  554 (386)  55  14 (54) 
Commercial High  172 (120)  200  68 (259) 
Residential High  288 (201)  402  188 (717) 
Commercial Low  2,687 (1,872)  100  0 (0) 
Residential Medium  541 (377)  614  377 (1,435) 
Residential Low  9,081 (6,328)  4,576  377 (1,435) 
Residential Very Low  1,441 (1,004)  558  0 (0) 











































Table 6.3. Total Acres of Development on Agricultural Land Under Each Storyline. Values in 
































Table 6.4. Summary of Specific Crops and Acres Lost to Urbanization Under Each Storyline. Note 
that pasture refers to upland, non-irrigated grazing lands and savanna. Only forest, grassland, and 
pastures are typically non-irrigated. 
2050 Agricultural Acreage Consumed by Urban Development 
Type of Crop or 
Agroecosystem  A2  B1  AB32+ 
  ‐‐‐‐‐‐‐‐‐‐ acres ‐‐‐‐‐‐‐‐‐‐ 
Alfalfa  2,329  621  2 
Almond and Pistachio  81  2  ‐ 
Barren  28  3  ‐ 
Corn  505  167  ‐ 
Cucurbits  13  ‐  ‐ 
Dry Beans  85  54  1 
Fallow  170  25  ‐ 
Forest  ‐  ‐  ‐ 
Grain  1,422  471  ‐ 
Grassland  67  48  1 
Onions and Garlic  68  2  ‐ 
Other Deciduous Trees  107  83  ‐ 
Other Field Crops  1,358  366  ‐ 
Other Subtropical Crops  2  ‐  ‐ 
Other Truck Crops  23  3  ‐ 
Pasture  1,629  514  15 
Processing Tomato  1,958  704  4 
Rice  ‐  ‐  ‐ 
Safflower  515  258  ‐ 
Vine  203  40  ‐ 






Table 6.5. Acreage of Floodplain, Storie Grades Excellent and Good Soils, Vernal Pools, and 
Williamson Act Lands Consumed by Urban Development under the A2, B1, and AB32+ Storylines 
According to Landform, Soil Quality (Storie Index), and Current Enrollment in the Williamson Act, 
which Provides Tax Advantages for Avoided Urbanization 
  Acreage Consumed by Urban Development 
  A2  B1  AB32+ 
  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ acres ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Storie Grade Excellent  2037.5  1085.8  359.8 
Storie Grade Good  1889.0  830.3  45.5 
Floodplains  1225.8  20.5  9.5 
Vernal Pools  22.0  0.0  0.0 
Williamson Act Lands  2042.0  586.8  0.0 
 














Table 6.6. New Residential Transportation Greenhouse Gas Emissions by Storyline 
Storyline  A2  B1  AB32+ 
  ‐‐‐‐‐‐‐‐‐‐ MT CO2e ‐‐‐‐‐‐‐‐‐‐ 
With population varying according to scenario  789,229  254,243  63,244 
With constant population at B1 level  671,047  254,243  90,128 







































6.5. Mitigation and Adaptation Implications 










































Table 6.7. Annual 2050 Greenhouse Gas Emissions from Residential Energy Usage in New 2010–2050 Development by Storyline  
Scenario 
A2  B1  AB32+ 
Electricity  Gas  Total  Electricity  Gas  Total  Electricity  Gas  Total 
  ‐‐‐‐‐‐‐‐‐‐ MT of CO2e ‐‐‐‐‐‐‐‐‐‐ 
With population varying according to scenario  132,104  196,414  328,518  60,548  84,384  144,932  11,536  15,259  26,795 




124,803  185,558  310,361  105,959  147,673  253,632  89,536  118,428  207,964 
 

















scenario  789,229  328,518  1,117,747  254,243  144,932  399,175  63,244  26,795  90,039 
With constant population at the B1 































































































































































































































































































FMMP Farmland Mapping and Monitoring Program 
GHG greenhouse gas 
HH household 
IPCC International Panel on Climate Change 
MT metric tons 
SACOG Sacramento Area Council of Governments 
SCANH Southern California Association of Non-Profit Housing  
U.S. EPA U.S. Environmental Protection Agency 
VMT vehicle miles traveled 
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Table Appendix 2.1. Augmented Dickey-Fuller Unit Root Test Results 
Variable Test-statistic 
Climate  
Summer GDD -1.950 
Winter GDD -1.529 
Chill Hours -2.161 
Precipitation -4.338* 
 
Acres & Prices 
 
Rice Acres -3.395 
Rice Prices -1.791 
Alfalfa Acres -1.544 
Alfalfa Prices -2.565 
Wheat Acres -1.227 
Wheat Prices -2.589 
Corn Acres -1.947 
Corn Prices -2.429 
Safflower Acres -2.374 
Safflower Prices -3.738* 
Pasture Acres -3.498 
Pasture Prices -3.891* 
Barley Acres -2.724 
Barley Prices -2.205 
Tomato Acres -1.562 
Tomato Prices -2.415 
Other Vegetables Acres -1.999 
Other Vegetables Prices -1.862 
Grapes Acres -0.659 
Grapes Prices -3.768* 
Prunes Acres -2.168 
Prunes Prices -4.028* 
Almonds Acres -0.900 
Almonds Prices -4.727* 
Walnuts Acres -2.112 
Walnuts Prices -4.975* 
Misc. Fruit Acres -1.641 
Misc. Fruit Prices -2.770 
5% Critical value=-3.50 




























Other Vegetables -6.338* 
Grapes -3.972* 
Prunes -1.894 




5% Critical value=-3.915 
* denotes significance at the 5% level. 
 
We also investigate whether autoregressive and/or moving average terms should be included in 
the analysis. Autocorrelation and partial autocorrelation functions were plotted for the first 
difference of acres for each crop. After first-differencing, we see little evidence that other time 
series properties need modeling. The fact that first-differenced acreage appears stationary 
without autoregressive or moving average components gives us further assurance of the 





Calculations for Tier 1 Inventory Methods for Agricultural Greenhouse 






































































Source: IPCC, 2006 
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Alfalfa  0.29  0.00  0.027  0.40  0.019 
Corn  1.03  0.61  0.006  0.22  0.007 
Rice  0.95  2.46  0.007  0.16  N/A 
Wheat  1.51  0.52  0.006  0.24  0.009 
Misc. Grains  0.965  0.9225  0.006  0.22  0.009 
































Source: CARB 2009; IPCC 2006 
 
Table Appendix 3.2. Values for TAMgroup, NERgroup and Manure Management System (MMS) for 




(group)  (g N kg‐1 day‐1)  (kg)   
Dairy Cattle  0.44  604  Stored in lagoon and spread daily 
Beef Cattle  0.31  389  Deposited in pasture 
Sheep  0.42  27  Deposited in pasture 
Goats  0.45  64  Deposited in pasture 
Horses  0.30  450  Deposited in pasture 
Swine  0.24  198  Stored in lagoon and spread daily 


















































































































































626  648  750  149 














































Table Appendix 3.4. Emission Factors for Enteric Fermentation and Manure Management for 
Various Livestock Groups 
Livestock 
group  EFent  EFman  Manure Management 
(group)  (kg hd‐1 yr‐1)  (kg hd‐1 yr‐1)   
Dairy Cattle         128.0          68.00  Stored in lagoon 
Beef Cattle           53.0            2.00  Deposited in pasture 
Sheep             8.0            0.28  Deposited in pasture 
Goats             5.0            0.20  Deposited in pasture 
Horses           18.0            2.34  Deposited in pasture 
Swine             1.5          14.00  Stored in lagoon 















































































































Table Appendix 3.5. Input Values for Calculating Emissions from Crop Residue Burning 
Crop  FBcrop  MRcrop  RMCcrop  EFCO2  EFN2O  EFCH4 
    (t ha‐1 yr‐1)         
Almond  0.84  2.24  0.183  1.83  0.00117  0.0002 
Corn  0.03  9.41  0.086  1.31  0.00175  0.0001 
Rice  0.99 or .11  6.72  0.086  1.16  0.00072  0.0002 
Walnut  0.95  2.69  0.331  1.64  0.00164  0.0002 
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